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ULTRASONIC WASHING APPARATUS AND ULTRASONIC WASfflNG METHOD 

[000. 1 ] CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application is the U.S. national phase of PCT International Application 
PCT/JP03/12833, filed October 7, 2003, which in turn, claims priority under 35 USC 1 19 based on 
Japanese patent application No. 2002-293252, filed October 7, 2002. The complete disclosure of 
each of the cited priority documents is hereby incorporated by reference. 

Technical Field 

[001] The present invention relates to an ultrasonic washing technique that allows fast and 
efficient washing for deburring vehicle components or the like, which have been machined. 

Background Art 

[002] It is already known that complexly shaped automobile components, such as valve bodies, 
which have been machined, can be very efficiently deburried by the impact of powerful cavitation 
by ultrasonic washing, resulting in successful removal of extremely small burrs. 
[003] In a method generally used by such ultrasonic washing equipment, an object to be washed 
is put into a washing tank containing cleaning liquid which is expelled internally from the top of 
the washing tank and, after the liquid is irradiated with an ultrasonic wave to subject of the object 
to ultrasonic deburring, the object to be washed is retrieved from the washing tank (see, for 
instance, Japanese Patent Application Laid-Open No. 64-34647 (Figure 1 through Figure 3). 
[004] However, this method of putting the object to be washed into the washing tank from above 
and retrieving it by pulling up involves a problem of inability to efficiently wash parts which are 
successively delivered from the machining line via a conveyance path or the like, such as 
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components of wheeled vehicles, by efficiently shifting them into or retrieving them out of the 
washing tank. 

[005] Moreover, in order to move the object to be washed up and down, the equipment is 
inevitably increased in vertical size, and a lifting mechanism is also needed for the works, entailing 
an additional equipment cost. 

[006] In view of this problem, an object of the present invention is to improve the efficiency of 
installing and retrieving the object to be washed in and out of the washing tank when it is to 
undergo ultrasonic washing, and further to prevent the equipment from becoming increased in 
vertical size. 

Disclosure of the Invention 

[007] In order to achieve the object stated above, the invention provides ultrasonic washing 
equipment intended for ultrasonic washing of an object to be washed by putting it into a washing 
tank containing deaerated cleaning liquid. The washing tank includes an inlet and an outlet for 
installing and discharging the object to be washed in and out of the washing tank, provided in side 
walls of the washing tank, and these inlet and outlet are provided with closable doors . The 
washing tank also includes a shifting mechanism for an object to be washed, in which the shifting 
mechanism is capable of inserting the object to be washed into the washing tank inlet from a side 
of the washing tank and discharging the washed object from another side of the washing tank. The 
shifting mechanism is provided in the vicinities of these inlet and outlet openings. Fluid 
movement of the cleaning liquid in the washing tank is controlled by a cleaning liquid flow control 
mechanism, provided to regulate the flow of such cleaning liquid into and out of the washing tank. 
[008] In a method according to an aspect of the invenion, the object to be washed is put in from a 
side of the washing tank through the inlet in the side wall of the washing tank, and after closing the 
inlet with the door, deaerated cleaning liquid is let into the washing tank to subject the object to be 
washed to ultrasonic washing. After the washing and after emptying the washing tank of the 
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cleaning liquid and opening the door of the outlet in the side wall of the washing tank, the object to 
be washed is discharged through the outlet toward a side of the washing tank. 
[009] And if this operation is repeated, the works successively delivered from the machining line 
can be efficiently washed, and moreover the equipment will not increase in vertical size. As used 
throughout the present specification, the term "works" is intended to mean the same thing as 
"workpieces", and refers generically to machined items to be washed and deburred in the 
apparatus hereof. The works, per se, do not form part of the inventive apparatus, rather, the works 
are acted upon by the apparatus. 

[010] The way of opening and closing the doors of the inlet and the outlet here among other 
features can be freely selected only if they can pass the object to be washed in an open state, and 

seal the side of the washing tank in a closed state. 

[01 1] Also, the shifting mechanism for an object to be washed among other features can be 
selected as desired; for instance a pinion-rack mechanism, a cylinder pressing mechanism or some 
other system can be used. 

[012] Further, the specific configuration or the like of the cleaning liquid charging/discharging 
mechanism can be selected as desired; for instance an evacuation system, a pumping system or 
some other system can be used, though it is preferable from the view point of shortening the cycle 
time to enable the cleaning liquid to be charged or discharged in a short period of time. 
[013] Further according to the invention, a plurality of tanks of substantially the same shape as 
the washing tank are arranged along one line beside the inlet and outlet of the washing tank, the 
washing tank and these tanks adjoining each other are disposed with their inlet and outlet arranged 
in mutually opposite positions, a common door is provided between each pair of these inlet and 
outlet, and by opening or closing these doors the outlet and inlet are enabled to communicate with, 
or isolated from each other. 

[014] By arranging the washing tank the plurality of tanks along one line and washing the object 
to be washed while it is successively shifted from the upstream tank to the downstream tank, it is 
made possible to enhance, for instance, the washing effect or the rinsing effect; if in this 
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arrangement a common door is provided between each couple of these inlet and outlet of the 
adjoining washing tank and other tank, and the outlet and inlet are enabled to commxmicate with or 
intercepted from each other by opening or closing these common doors, the object to be washed 
can be smoothly shifted to another tank, so that works successively delivered via a carriage route 
or the like can be smoothly washed. In addition, the use of the common doors enable the 
equipment to be reduced in size. 

Brief Description of the Drawings 

[015] Figure 1 is a front view showing the basic form of an ultrasonic washing apparatus 
according to the present invention; 

[016] Figure 2 is a top plan view of the apparatus of Fig. 1; 

[017] Figure 3 is a diagram illustrating one example of a shifting mechanism for an object to be 
washed; 

[018] Figure 4 shows an example of cleaning liquid circuit of the washing apparatus of Fig. 1; 
[019] Figure 5 is a front view of multi-tank ultrasonic washing apparatus; 
[020] Figure 6 is a plan view of the apparatus of Fig. 5; 

[021] Figure 7 is a detail view of the apparatus of Fig, 5 showing a conwnon door of adjoining 
tanks; 

[022] Figure 8 shows a sequence of steps, illustrating the way the door of Figs. 6 and 7 is opened 
and closed; 

[023] Figure 9 shows an example of cleaning liquid circuit of first and second preparatory tanks; 
and 

[024] Figure 10 shows an example of a cleaning liquid flow circuit of the washing tank. 

[025] Detailed Description of Illustrative Embodiments, Including Best Modes for Carrying Out 

the Invention 

Embodiments of the present invention will be described below with reference to the 
accompanying drawings. 
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[026] Here, Figure 1 is a front view showing the basic form of an ultrasonic washing apparatus 
according to the invention; Figure 2, a plan of the same; Figure 3, a diagram illustrating one 
example of a shifting mechanism for an object to be washed; Figure 4, a circuit diagram showing 
an example of cleaning liquid circuit of the washing apparatus; and Figure 5 through Figure 10, 
diagrams illustrating multi-tank ultrasonic washing apparatus. 

[027] The ultrasonic washing apparatus according to the depicted embodiment of the invention is 
intended to make the inputting and retrieval of the works in and out of the washing tank, more 
efficient, for instance when putting works successively delivered from the machining line or the 
like to ultrasonic washing, and at the same to prevent the equipment from increasing in vertical 
size; it is configured as, for instance, as deburring /washing equipment for valve bodies, which are 
an automobile component item. 

[028] Thus, this ultrasonic washing equipment 1, as shown in Figure 1 and Figure 2, is provided 
with a shift route 3 for putting works delivered from a machining line or the like (not shown) into a 
washing tank 2, for washing and deburring the works. Another shift route 4 is provided for 
discharging washed works from the washing tank 2. A carriage route 5 is also disposed within the 
washing tank 2, an inlet 6 closable with a door 6h is disposed in the side wall on the side upstream 
from the washing tank 2 (the feed shift route 3 side), and an outlet 7 closable with a door 7h is 
disposed in the side wall on the side downstream from the washing tank 2 (the discharge shift route 
4 side). 

[029] The shift routes 3 and 4 and the carriage route 5 are enabled to movably support a carrier 8, 
such as a basket, and a plurality of works can be accommodated within the carrier 8 and carried 
together as accommodated by the carrier 8. In this embodiment, as shown in Figure 3, a rack 
member 10 is fitted to the under surface of the carrier 8. The carrier 8 is moved by engaging this 
rack member 10 with a plurality each of pinions 1 1 disposed on the shift routes 3 and 4 and the 
carriage route 5 side and rotationally driving these pinions 11. 
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[030] An ultrasonic oscillator for emitting an ultrasonic wave toward the cleaning liquid is 
provided within the washing tank 2 and, as will be described afterwards, the cleaning liquid in the 
washing tank 2 can be replenished or discharged. 

[03 1] The washing tank 2 is cleared of the cleaning liquid, the door 6h of the inlet 6 is opened, and 
the pinions 1 1 of the upstream shift route 3 and the pinions 1 1 of the carriage route 5 are 
rotationally driven to feed the carrier 8 into the washing tank 2. When the feeding is completed, 
the door 6h of the inlet 6 is closed to let the cleaning liquid into the washing tank 2. Then an 
ultrasonic wave is emitted to deburry and wash the works. 

[032] When the washing is completed, the cleaning liquid is discharged and the door 7h of the 
outlet 7 is opened, the pinions 1 1 of the carriage route 5 and the pinions 1 1 of the downstream shift 
route 4 are rotationally driven to discharge the carrier 8 out of the washing tank 2. 
[033] One example of a cleaning liquid flow circuit of the washing tank 2 will be described with 
reference to Figure 4. 

[034] The washing tank 2 is provided with a cleaning liquid charging/discharging circuit 15 for 
charging and discharging the cleaning liquid in and out of the washing tank 2, an evacuating circuit 
16 for making the interior of the washing tank 2 vacuum, a deaerating circuit 17 for deaerating the 
cleaning liquid, and a circulating circuit 1 8 for circulating the cleaning liquid in the washing tank 2. 
The cleaning liquid charging/discharging circuit 15 is provided with a storage tank 12 capable of 
supplying or receiving the cleaning liquid and a water charging/discharging line linking the 
washing tank 2 and the storage tank 12. 

[035] When a valve on the discharging side of the water charging/discharging line of the cleaning 
liquid charging/discharging circuit 15, the cleaning liquid in the washing tank 2 is discharged by 
its own weight into the storage tank 12. When the cleaning liquid in the storage tank 12 is to be 
returned into the washing tank 2, a valve on the charging side of the water charging/discharging 
line is opened after reducing the pressure within the washing tank 2 by working the vacuum pump 
20 of the evacuating circuit 16, and the cleaning liquid is sucked into the washing tank 2. 
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[036] When the pressure in the washing tank 2 is to be restored to the atmospheric level, the valve 
of an atmospheric opening line 26 is opened. 

[037] The circulating circuit 1 8 circulates part of the cleaning liquid in the washing tank 2 with a 
circulating pump 21 and clears it of any dirt with a filter 22. Part of the cleaning liquid is deaerated 
by the deaerating circuit 17 connected midway on this circuit to be cleared of its gaseous content, 
and the deaerated cleaning liquid is returned to the washing tank 2. 

[038] When the cleaning liquid is in the washing tank 2 and circulating in the circulating circuit 
18, the deaerating circuit 17 receives part of the circulating cleaning liquid in circulation and, after 
deaerating it, returns that pat of the liquid to the washing tank 2. When the cleaning liquid is in the 
storage tank 12, the circuit receives part of the cleaning liquid in the storage tank 12 and, after 
deaerating, returns that pat of the liquid to the storage tank 12. Then by removing gases dissolved 
in the cleaning liquid, the impact of the cavity during the emission of the ultrasonic wave is 
increased. 

[039] For this purpose, this deaerating circuit 17 is provided with a deaerating module 23, a 
vacuum pump 24, a circulating pump 25 and so forth. The cleaning liquid is sucked into the 
deaerating module 23 whose internal pressure has been reduced by the vacuum pxuiip 24 and 
deaerated, and the removed gases are drawn out by the vacuum pump 24 and discharged. The 
deaerated cleaning liquid is returned by the circulating pump 25 to either the storage tank 12 or the 
washing tank 2. 

[040] The inlet 6 and the outlet 7 are designed in shape and size to permit the carrier 8 to pass, and 
the door 6h of the inlet 6 and the door 7h of the outlet 7 are enabled to move back and forth by the 
operation of a cylinder unit 27 as shown in Figure 2. When the doors 6h and 7h move forward to 
the positions of the inlet 6 and the outlet 7, respectively, they can close the inlet 6 and the outlet 7 
to seal the inside. When they recede, they can open the inlet 6 and the outlet 7. 
[041] The actions and other aspects of the ultrasonic washing equipment 1 will now be described. 
[042] When the carrier 8 is to be fed into the washing tank 2, the cleaning liquid the washing tank 
2 is shifted to the storage tank 12 via the water charging/discharging line of the cleaning liquid 
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charging/discharging circuit 15, to prevent the cleaning liquid from flowing out even if the inlet 6 
is opened. After that, the door 6h is opened and the pinions 1 1 of the shift route 3 and the carriage 
route 5 are rotationally driven. Then the carrier 8 is shifted into the washing tank 2 through the 
inlet 6. 

[043] Then, the door 6h is shut to close the inlet 6, and after evacuating the interior of the washing 
tank 2 with the evacuating circuit 16, the charging side valve of the water charging/discharging 
line of the cleaning liquid charging/discharging circuit 15 is opened to return the cleaning liquid in 
the storage tank 12 to the washing tank 2. 

[044] By then, the cleaning liquid has been deaerated within the storage tank 12 by the deaerating 
circuit 17, and the washing tank 2 is filled with the deaerated cleaning liquid. 
[045] After the internal pressure of the washing tank 2 is returned to the atmospheric level by 
opening the valve of the atmospheric opening line 26, the liquid level is appropriately adjusted as 
required with a liquid level sensor or the like. When an ultrasonic wave is emitted by the 
ultrasonic oscillator into the cleaning liquid, a powerful cavity is generated in the cleaning liquid, 
and the heaA^ impact of this cavity removes burrs. 

[046] In this way, the cleaning liquid in the washing tank 2 is circulated by the circulating circuit 
18, cleared of any dirt by the filter 22 and of any dissolved gases by the deaerating circuit 17, and 
the heavy impact of the cavity is thereby maintained. 

[047] When ultrasonic washing for deburring is completed, the valve on the discharge side of the 
water charging/discharging line of the cleaning liquid charging/discharging circuit 15 is opened, 
the cleaning liquid in the washing tank 2 is shifted to the storage tank 12, and the liquid level is 
made lower than at the lower end of the outlet 7. After the door 7h of the outlet 7 is opened, the 
pinions 1 1 of the carriage route 5 and the pinions 1 1 of the downstream shift route 4 are driven, and 
the carrier 8 is moved out of the washing tank 2. When the discharging movement of the carrier 
ends, the door 7h is closed, the cycle returns to its first phase, and the same sequence is repeated. 
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[048] The works successively delivered from upstream can be efficiently washed in the 
procedure described above, and no extra trouble is involved in either moving the carriage 8 into or 
discharging the carraige out of the washing tank 2. 

[049] Next will be described an example of a configuration of multi-tank type of ultrasonic 
washing apparatus according to a second embodiment of the invention will be described with 
reference to Figure 5 through Figure 9. 

[050] Here, Figure 5 is a front view of the multi-tank ultrasonic washing apparatus; Figure 6 is a 
top plan view of the same; Figure 7 illustrates a common door of adjoining tanks; Figures 8a and 
8b are sequential top detail view drawings illustrating the way the door is opened and closed; 
Figure 9 shows an example of cleaning liquid circuit of first and second preparatory tanks; and 
Figure 10 shows an example of a cleaning liquid flow circuit of the washing tank. 
[05 1] In this example of the multi-tank configuration, a first preparatory tank 3 1 and a second 
preparatory tank 32 are disposed on the upstream and downstream sides, respectively, of a carriage 
route with a washing tank 33 between them, the shift route 3 is arranged on the upstream side of the 
first preparatory tank 31, and the shift route 4 is arranged on the downstream side of the second 
preparatory tank 32. 

[052] During operation of the multi-tank apparatus, the carrier 8, carried from the upstream shift 
route 3, is fed into the washing tank 33 via the first preparatory tank 3 1 and, after going through 
ultrasonic washing for deburring in the washing tank 2, is discharged outside via the second 
preparatory tank 32. 

[053] For this purpose, inlets 42 and outlets 43 are provided in the side walls of the first 
preparatory tank 3 1, the washing tank 33 and the second preparatory tank 32, and carriage routes 
34 are disposed within the tanks 31, 32 and 33. An ultrasonic oscillator is arranged only in the 
washing tank 33 but not in the first preparatory tank 3 1 or the second preparatory tank 32, and 
cleaning liquid is charged into or discharge out of only the first preparatory tank 3 1 and the second 
preparatory tank 32, but the washing tank 33 holds cleaning liquid all the time. 
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[054] Cleaning liquid circuits of the first preparatory tank 3 1 and the second preparatory tank 32 
are of substantially the same form. As shown in Figure 9, there are provided a cleaning liquid 
charging/discharging circuit 35 for charging or discharging the cleaning liquid into or out of the 
tanks 31 and 32, an evacuating circuit 36 for making the interior of the tanks 31 and 32 vacuum, a 
deaerating circuit 37 for deaerating the cleaning liquid, and a circulating circuit 38 for circulating 
the cleaning liquid in the tanks 31 and 32. These circuits are configured in the substantially same 
way as their respective coimterparts in the foregoing embodiment with some partial exceptions. 
[055] For instance, the cleaning liquid charging/discharging circuit 35 is provided with a storage 
tank 48 and so forth, and the evacuating circuit 36 is provided with a vacuum pump 50 and so forth. 
The deaerating circuit 37 is provided with a deaerating module 51, a vacuum pump 52, a 
circulating pump 53 and so forth, and the circulating circuit 38 is provided with a circulating pump 
54, a filter 55 and so forth. 

[056] The cleaning liquid circuit of the washing tank 33, as shown in Figure 10, is provided with 
a circulating circuit 39 for circulating the cleaning liquid and a deaerating circuit 40 for deaerating 
the cleaning liquid. As the circulating circuit 39 circulates the cleaning liquid in the washing tank 
33, the liquid is deaerated by the deaerating circuit 40 while being cleared of foreign matter and the 
like by filters 57, and the impact of the cavity is thereby increased. 

[057] For this purpose, the circulating circuit 39 is provided with a circulating circuit 56, the 
filters 57 and so forth, and the deaerating circuit 40 is provided with a deaerating module 58, a 
vacuum pump 59, a circulating pump 60 and so forth. 

[058] Incidentally, the outlet 43 of the first preparatory tank 31 and the inlet 42 of the washing 
tank 33 are disposed in mutually adjacent positions, and so are the outlet 43 of the washing tank 33 
and the inlet 42 of the second preparatory tank 32, and a common door 44 is provided between 
each couple of these tanks as shown in Figure 6. By opening or closing these doors 44, the outlet 
43 and the inlet 42 are respectively caused to communicate with or isolated fi'om each other. 
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[059] Thus, as is evident from Figure 6 and Figure 7, each common door 44 is wedge-shaped and 
can be moved back and forth by the operation of a cylinder unit 45, while the inlet 42 or the outlet 
43 is surrounded by a packing material 46, which can be inflated or submerged by elastic force. 
[060] And as shown in Figure 8(a), when a common door 44 advances toward the fronts of an 
inlet 42 and an outlet 43, the communication is intercepted to seal the inside; as shown in Figure 
8(b), when the door 44 recedes from the fronts of the inlet 42 and the outlet 43, the packing 
materials 46 on both sides inflate to establish communication between the inlet 42 and the outlet 43 
and to prevent the liquid from leaking out. 

[061] The washing method in the ultrasonic washing equipment described above will now be 
described. 

[062] The first preparatory tank 3 1 is emptied by shifting the cleaning liquid in it to the storage 
tank 48, and the cleaning liquid is cleared of its gaseous contents by the deaerating circuit 37. 
When the carrier 8 is conveyed from the upstream shift route 3, the carrier 8 is let in to the first 
preparatory tank 3 1 by opening the door 42h of the inlet 42 of the first preparatory tank 31. 
[063] When the carrier 8 is let into the first preparatory tank 3 1, the door 42h is closed to seal the 
inside, and after the pressure in the tank is reduced by the evacuating circuit 36, the valve on the 
charging side of the water charging/discharging line of the cleaning liquid charging/discharging 
circuit 35 is opened to let the cleaning liquid into the tank 3 1 . And, after adjusting as required the 
liquid level to equalize it with that of the washing tank 33, the circulating circuit 38 is actuated to 
circulate the cleaning liquid, and the cleaning liquid is deaerated while being cleared of foreign 
matter by the filters. 

[064] When the work is cleared of sticking foreign matter and the cleaning liquid has been 
deaerated to a desired level, the operation of the circulating circuit 38 is stopped, and the work is 
shifted to the washing tank 33. Then, if the common door 44 between the first preparatory tank 3 1 
and the washing tank 33 is opened, communication will be established between the tanks 31 and 
33, and the carrier 8 will be fed into the washing tank 33 through the carriage routes 34 in the tanks 
31 and 33. 
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[065] And when the carrier 33 is fed into the washing tank 33, the common doors 44 is closed to 
seal the inside, and ultrasonic washing is started. 

[066] When the ultrasonic washing in the washing tank 33 is completed, the carrier 8 is shifted 
into the second preparatory tank 32 in a similar procedure. When the common door 44 between 
the washing tank 33 and the second preparatory tank 32 is to be opened in this process, the second 
preparatory tank 32 has been filled with cleaning liquid to a prescribed level in advance; when the 
carrier is fed into the second preparatory tank 32, the circulating circuit 38 of the second 
preparatory tank 32 is actuated to deaerated the cleaning liquid while clearing it of foreign matter. 
After a rinsing effect has been achieved, the cleaning liquid charging/discharging circuit 35 shifts 
the cleaning liquid to the storage tank 48, and after the tank 32 is cleared of cleaning liquid inside, 
the door 43h of the outlet 43 is opened to discharge the carrier 8. 

[067] And by repeating this operation in the tanks 31,33 and 32, the works successively dehvered 
to them can be efficiently washed in a cyclic process. 

[068] To add, the present invention is not limited to the embodiments described above. What has 
substantially the same configuration and exerts substantially the same effect as what is described 
in the Claims of the invention belongs to the technical scope of the invention. 
[069] For instance, the number of tanks can be selected as desired, and the configuration of the 
cleaning liquid circuit in each tank is only illustrative. Also, the shifting mechanism for the carrier 
8 may be a cylinder or the like. Further, the type of the works, the washing method, and other 
features can be selected as desired. 
Industrial Applicability 

[070] Since the ultrasonic washing apparatus according to the invention has an inlet and an outlet 
for admitting and discharging the object to be washed into and out of the washing tank are 
provided in side walls of the washing tank of the ultrasonic washing apparatus. The objects to be 
washed are charged and discharged sideways through these inlet and outlet, there is no need to 
move the object to be washed up and down, the works successively delivered from the machining 
line, and moreover the equipment is not increased in vertical size. 
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[071] Further, if a plurality of tanks in substantially the same shape as the washing tank are 
arranged along one line beside the inlet and outlet of the washing tank, their inlet and outlet are 
positioned opposite each other and a common door is disposed between the inlet and outlet, it is 
made possible to enhance the washing effect by the use of the plurality of tanks and to achieve a 
rinsing effect, moreover enabling the equipment to be reduced in size. 
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